Changes in climate have impacts on natural and human systems on all continents and across the oceans. Most countries, including the UAE, are expected to experience a huge impact of climate change, due to the undergoing rapid growth and huge urban developments.
INTRODUCTION
In recent decades, changes in climate have caused impacts on natural and human systems on all continents and across the oceans [1] . The United Arab Emirates (UAE) and the Arabian Gulf region are no exception. The UAE, covering an area of 83000 Km 2 , with extended coastlines and small islands, is consequently more prone to the impact of climate change especially that it is also undergoing rapid growth and huge urban developments [2] . The UAE population is in a steady rise and its climate is changing like everywhere else, with the increase of atmospheric CO 2 and temperature and the abnormalities in rainfall events [3] . In Abu Dhabi, by 2050, the average temperature will increase by around 2.5°C, while GCMs are numerical models predicting atmospheric physical processes, ocean dynamics and land surface processes, while presenting the most advanced predictive tools available to simulate the impact of increased greenhouse gas levels on the global climate system [4] . Relying on such models, the Intergovernmental Panel on Climate Change (IPCC) reported that the last three decades were consistently warmer than any preceding decade since 1850 [1] . Consequently, some lowlying regions and islands are required to confront high impacts that could have a cost as much as several percent points GDP [1] . Unfortunately, this recent impact of climate change may have far reaching negative impacts. The combination of water shortages and high population growth rates accelerate the risks of the Middle East to future climate change [5] . Simulations results reported by [6] reveal large magnitude of possible biospheric influences of climate change. Biodiversity, coral species, coastal sustainability and water resources could be affected by climate change in the UAE [3] .
The urgency of climate adaptations and mitigations require the use of these types of models to predict the impact of climate change [7] . GCMs are known to produce hypothesisbased predictions relying on well-established and demonstrated physical principles [8] . Randall and Colleagues also added that the confidence in these models have become stronger and provide credible outcomes. Care is to be taken as some components of climate may be poorly simulated which leads to problems in interpretations of results from such models [9] . Nevertheless, in a study on the impact of climate change in the Middle East using 18 GCMs [5] , reported that the models predict an overall temperature increase of between 1.4 to 4°C. He also added that the smallest increases occur over the large water bodies. Red Sea and Arabian Gulf are estimated to have the more considerable change in temperatures. While the largest increases will be felt over land masses, away from water bodies [5]. On a more recent time scale [10] , reported that for Sharjah, the annual rainfall totals are very periodic, with June begin the driest month. He added that the years 2000-2003 had the lowest 4-year rainfall total, while 1995-1998 was the wettest period. For other Gulf countries, such as Saudi Arabia, rainfall was noted to decrease by about 48 mm per decade [11] . While the mean temperature increase by 0.60°C per decade.
Fortunately, in preparation for the Intergovernmental Panel on Climate Change (IPCC) Fourth Assessment Report (AR4), many international climate modeling centers assessed longterm simulations of climate change scenarios [9] . Rigorous evaluation were used for all models to improve their predictions [9] . But the problem of linking large scale GCM to finer regional models still poses a challenge [12] . Such spatial linkages are the best approach to produce more reliable predictions at regional levels.
RegCM, for instance, is part of network of collaborative modeling projects to improve predictions and understanding of climate change at regional scales [13] . For many to use reliable predictive models, emission scenarios of climate change are to be assessed.
The GCMs are applied to measure the 21 st century climate change over the UAE and Arabian Gulf region [14] implemented simulations using version 3.5.1 of the Weather Research and Forecasting Model (WRF).
Which is a fully compressible conservative-form that is able to resolve small-scale The recent insufficiencies of GCMs and the fact that each model has strengths and weaknesses has led to a conclusion that no single model can be considered best [15] . Results should be utilized from a range of coupled models for adaptation studies as well as regional impact [16, 17] used a statistical model that combines information from each GCM, including each models ability to re-create the regional climate over the period 1960 through 1990 and the agreement among models in future projections. Based on [14] , there is and increasing trend of precipitation that was shown by the collaborative of all the climate models, for the 21 st century for the Arabian Gulf region. An upward trend starts around 1980. The per-day precipitation was about 0.38 mm in 1980, and expected to increase to about 0.43 mm by 2100.
The Representative Concentration Pathways (RCP) represent the latest generation of scenarios that are used as potential inputs into climate models that shows imposed greenhouse-gas concentration pathways during the 21 st century, according to various radiative forcing stabilization levels by the year 2100 [18 -20] . Adding that emissions scenarios are used to assess the contributions of human activities, such as population growth and economic developments, to future climate change.
Four emission scenarios have been used for climate research; namely RCP 2.6 (based on low emission), RCP 4.5 and RCP 6 (based on intermediate emissions) and RCP 8.5 (based on high emissions), with each assuming different radiative forcing and primary energy use levels [18] .
In order for any climate models to be realistic and applicable, at regional as well as global scales, some type of downscaling is necessary. Statistically based downscaling approaches (referred to as SDSM) of climate data have been around for more than a decade [21] . Wilby and Dawson also outlined five steps, starting with the proper selection of predictor variables, for such modeling protocol to be reliable. One SDSM interface used in such protocols is MarksimGCM R [22] . It was initiated by the International Center for Tropical Agriculture (CIAT) and it is for IPCC AR5 data (CMIP5). MarkSim R , initially reported as a weather generator by [23] is now a web-based SDSM tool (currently referred to as MarksimGCM R ). It generates daily simulated weather data specifically designed for use in the tropics, including rainfall, maximum and minimum temperatures and solar radiation. MarkSim R is a weather generator that uses 720 classes of weather, worldwide, to calculate the coefficients of a third order Markov rainfall generator. Which involves 'stochastic downscaling' as it fits a Markov model to the GCM output and uses it to generate weather data for the site indicated. MarksimGCM R also provides options to select any combination of climate models and RCP scenarios for future years. The output can be a graphical display or downloadable raw data of solar radiation, maximum and minimum temperatures and rainfall predictions on a daily basis. In addition, MarkSim uses an internal structure called CLX for holding the derived parameters for a model run. This structure allows tracking the base climate data and the rotation of the record. The user has the option to create the CLX file in MarkSim GCM. The advantage will be facilitating the use of MarkSim directly in modelling systems.
As a consequence of the challenges presented by the global climate change, adaptations are urgently needed to minimize the risks on human health and ecosystem sustainability. The UAE has been initiating various measures of adaptations to climate change. One of the major outcomes of such initiatives, is . The plan aims to genuinely tackle climate change. But the process by which adaptations to climate change are to be assessed will involve institutional practices [25] . In order to succeed, any such attempts will require local data and predictions on the impact of climate change on ecosystem and human sustainable livelihood. In the present attempt, therefore, data from MarksimGCM R is used to assess different RCPs and their appropriateness as GCM inputs to predict temperatures and rainfall and study the effect of climate change on specific cities in the UAE as it relates to both temperature and rainfall abnormalities ( Fig. 1) . 
MATERIALS AND METHODS

Study Area
The study was performed at three different regions within the UAE (with 8 different locations), covering a variety of climate regions. The list of locations sampled for their specific climate data are listed in Table 1 .
Simulation Used
MarksimGCM R (http://gisweb.ciat.cgiar.org/MarkSimGCM /) was used to generate current year's data as well as fu-ture predictions of climatic data. MarksimGCM R uses a combination of models (17 models), Representative Concen-tration Pathways or RCPs (RCP2.6, RCP4.5, RCP6 and RCP8.5), years (2010 to 2095) and replicates (1 to 99). For every location listed in Table 1 , a climate data file was down-loaded to the desktop for further analyses.
The Representative Concentration Pathways (RCP)
The RCPs are four greenhouse gas concentration trajectories adopted by the IPCC -Fifth Assessment Report (AR5): RCP 2.6, RCP 4.5, RCP 6.0 and RCP 8.5. The RCPs are named after the radiative forcing values by 2100 relative to pre-industrial values (+2.6, +4.5, +6.0, and +8.5 W/m2; respectively). Radiative forcing is a result to a perturbation in the concentration of a gas at the tropopause [26] . In the present work, we focused on using RCP 4.5 and 8.5 for our simulations of climate predictions in the UAE. One of the main features of this RCP 8.5 is that it is based on heavy use of fossil fuels, increasing use of croplands and declining use of grasslands [18] . On the contrary, RCP 4.5 is regarded as a "Business As Usual" (BAU) alternative.
The list below describes all four scenarios as reported by [19] . RCP 2.6: It is a pathway representative of scenarios in the literature leading to very low greenhouse gas concentration levels. It is a so-called "peak" scenario: represents a strong mitigation scenario and is extended by assuming constant emissions after 2100 (including net negative CO 2 emissions), leading to CO 2 concentrations returning to 360 ppm by 2300. RCP 4.5: It is a stabilization scenario where total radiative forcing is stabilized before 2100 by employment of a range of technologies and strategies for reducing greenhouse gas emissions. RCP 6.0: It is also a stabilization scenario where total radiative forcing is stabilized after 2100 without overshoot by employment of a range of technologies and strategies for reducing greenhouse gas emissions. RCP 8.5: It is characterized by increasing greenhouse gas emissions over time representative for scenarios in the literature leading to high greenhouse gas concentration levels. The underlying scenario drivers and resulting development path are based on the A2r scenario.
Data Amalgamation and Analyses
For each of the three UAE regions, data was downloaded for every RCP/Model/Year combination separately, replicated five times. Downloaded data included rainfall, maximum and minimum temperatures and solar radiation. Excel was then used to append all data into one file for further analyses. The following steps were followed for each location selected from the UAE map on MarksimGCM R (Fig. 2) :
A combination of RCP/Model/Year was downloaded [1] form MarksimGCM R . All downloaded files were combined in Excel.
[2]
A correlation analysis was performed for each present [3] climate data vs data of RCP4.5 and RCP8.5 for the years (2020, 2040, 2060, 2080, 2095) using all 17 GCMs averaged. In this regard, the website states that using all GCMs together "it averages the polynomial functions that drive the GCM differences so that it produces correctly downscaled weather data for the average GCM". All RCP predictions were assessed based on Pearson [4] correlation coefficient,for both rainfall and temperature abnormalities. Graphs of correlation analyses were made to present [5] the trends of thecurves and explain the correlations of the of the available data.
RESULTS
Future/Projected Changes in Temperature
The results of this study show a strong correlation between the present Tmax and Tmax 2020, Tmax 2040, Tmax 2060, Tmax 2080 and Tmax 2095 for both RCP4.5 and RCP8.5. In other words, maximum temperatures are going to increase in the coming years based on the predictions according to the different scenarios using MarksimGCM R . Fig. (3) shows the maximum temperatures in summer season (May to September). This period was selected based on the trend of the curve. The rising temperatures followed the same trend for the different years (2020, 2040, 2060, 2080, 2095) . The highest present Tmax is around 42.1°C while Tmax in 2095 based on RCP4.5 is projected to be around 44.6°C. The increase in the maximum temperatures will be about 2.44°C by 2095.
The correlation coefficient of Tmax for RCP4.5 and RCP8.5 in the years (2020, 2040, 2060, 2080, 2095) is presented in Table 2 . The correlation coefficient ranges between 96.8% and 99.6%, which indicates a high correlation between the present and the projected maximum temperatures. The projected Tmax of 2020 RCP4.5, 2080 RCP4.5, 2020 RCP8.5 and 2060 RCP8.5 showed higher correlation coefficient. MarksimGCM R Predictions for these years are more accurate than the prediction of Tmax 2040 RCP4.5, 2060 RCP4.5, 2095 RCP4.5, 2040 RCP8.5, 2080 RCP8.5 and 2095 RCP8.5. 
Future/Projected Changes in Rainfall
Rainfall showed no significance in the projected rates as shown in Fig. (4) , for all studied locations. In Abu Dhabi, rainfall rates are expected to be high in 2020 and 2080 by the end of February, using RCP4.5. While RCP8.5 scenario showed lower rates of rainfall except for 2095, which is expected to experience similar rainfalls to the present rates. Based on the results of RCP4.5 the maximum rainfall rate will occur by the end of February 2080, with an amount of 19.04 mm. RCP8.5 showed lower rainfall rate which will occur in the middle of February 2095, with amount of 14.84 mm, 0.92 mm than the present rate (15.76 mm). In other words, Abu Dhabi will experience the higher rainfall rates.
In Al-Ain, rainfall rates are expected to be high in March by 2080 and 2095 using RCP4.5. Similarly, it will experience high rainfall rates for RCP8.5, in March of 2080 and 2095 with over prediction in 2020, where the rainfall rate will be high in February, with some rainfall events in summer. In Al-Ain the highest rainfall rate for RCP4.5 will occur at the end of February with rate of 7.58 mm in year 2080. The next highest rate will occur in the middle of February 2095 with a rate of 7.44 mm. While for RCP8.5 the highest rate will occur in the middle of February 2020 with a rate of 8.56 mm. The next highest rate will occur in the middle of February 2080 with rainfall rate of 7.64 mm, which indicates that with RCP8.5 Al-Ain will experience more rains. With RCP8.5 Al-Ain will experience more rainfall events compared to RCP4.5 (Fig. 4) .
In Sharjah, the rainfall rate based on RCP4.5 are the highest in 2095 with rate of (5. 54, 4.8, 4.1) . All events will occur by the end of January and the beginning of February. For RCP8.5, the highest rate occurs in the beginning of February 2020 with an amount of 5.96 mm, the next highest amount is by the end of February 2060 with a rate of 5.26 mm. Compared to Abu Dhabi and Al-Ain, Sharjah will experience lower rainfall rates, yet more frequent rainy events. Generally, the three cities will experience the highest rainfall events in January and February. Fig. (2) . Correlations between present Tmax vs different Tmax RCP4.5 and RCP8.5 in Abu Dhabi (AD), Al-Ain (AA) and Sharjah. Fig. (3) . The maximum temperatures in summer season (27 May to 20 September in Abu Dhabi). Fig. (4) . Correlations between present present rain amount vs the predicted RCP rain amounts in Abu Dhabi, Al-Ain and Sharjah. 
DISCUSSION
MarksimGCM R is used for many research purposes, for example [27] , used the generated data to assess the impact of climate change on phenology and yield of wheat crop. Their results showed that the impact was highest under RCP 8.5 in 2095. Another application is by [28] where the daily rainfall data for RCP4.5 emission scenario using Marksim GCM for the period 2020-2049 were used to study the trend of annual and seasonal total rainfall and assess the impact on yield. In our study we focus on temperature and rainfall rate changes through time and until the end of the century. Generally, the maximum temperature is increasing as was anticipated in higher concentrations of carbon dioxide, and the larger warming occurs in RCP8.5. According to MarksimGCM R predictions and the results of the current study, Al-Ain will experience the highest temperatures in 2095. The maximum temperature will reach 47.4°C, Abu Dhabi Temperature will reach 46.9°C and Sharjah 45.64°C. The increase in maximum temperatures in Abu Dhabi, Al-Ain and Sharjah is about (4.56, 4.74, 5 .34°C) respectively. Sharjah will have the largest temperature increase by the end of the century. For RCP4.5, Al-Ain will have the largest increase (3.48°C), Abu Dhabi will have (2.44°C) and Sharjah will have (3.38°C) as shown in Table 3 . The temperature rise will range between 2.44 and 4.56 for RCP4.5 and RCP8.5 in AbuDhabi, 3.84 and 4.74 in AlAin and 3.38 and 5.35 in Sharjah.
The Arabian Gulf Region trends for the period 1950-2100 using RCP8.5, showed a temperature increase during the 21 st century and with steeper trends after 2060 [29] . Average future temperature increases are expected to be 2°C to 3°C higher over land areas and 1.5°C to 2°C, over Gulf waters across the region [16] . The GCMs indicate a significant increase in daily temperatures which indicate a rise in the risk of severe heat waves [30, 31] found that as expected in higher equivalent CO 2 concentrations, larger warming occurs in RCP8.5. The results showed that the largest changes in temperature occur between the present and the first period, (2011 to 2040) in RCP4.5, whereas in the RCP8.5 the highest degrees of temperatures occurs between (2041 to 2070) and (2071 to 2100) [32] compared the mid-century period (2046 to 2065) and the endcentury period (2081 to 2100) with the recent period (1986 to 2005) . Based to RCP8.5 scenario. They found that by the end of the century, many countries in the Middle East and Northern Africa in summer season are projected to experience a temperature increase more than 6°C compared to (1986 to 2005) [33]. The results showed a strong and statistically significant warming, with regional differences, in the range of 1 to 4.5°C for RCP4.5 and of 2.5°C to 5.5°C for RCP8.5. Compared to 1971-2000, which is not applicable for RCP4.5, large parts of Northern Scandinavia, Eastern Europe and the Alpine ridge might be exposed to a warming of more than 4.5°C under RCP8.5. For UAE [29] , reported that, simulations of 2060 to 2079 showed that temperatures are projected to statistically significantly increase in all months and for both the RCP4.5 and RCP8.5 scenarios. There will be an increase of 2°C for RCP4.5 and 3°C for RCP8.5. Based on this study results, the warming is in the range of 2.44°C to 3.38°C for RCP4.5 and of 4.56°C to 5.35°C for RCP8.5 [34] showed that the collective average of GCMs increased until reaching a maximum value of 3.9°C in Tmax and 2.9°C in Tmin under RCP8.5 in the 2080s. The same results reported by showed that the expected time series of annual temperature has deviation trends similar to the emission pathway. They found that for RCP4.5, the temperature is increasing until 2070 and stabilizing from 2070 to 2100. On the other hand, for RCP8.5, the temperature will rise with the constant increase of radiative forcing. Based on [15] the projections of temperature are mainly consistent for the next 20 years, with a 1°C increase, but show larger uncertainty in the 40-year projections. By 2100, the temperatures are expected to rise between 3.1 to 4.8°C. For RCP4.5, the warming in 2041 to 2070 is nearly 2.0°C, (0.5°C) less than at the end of the 21 st century (approximately 2.5°C) [35] . While for RCP8.5, the warming at the end of the 21 st century (approximately 5.1°C) is extraordinarily greater than in 2041 to 2070 (approximately 3.0°C). Currently, maximum daytime temperature during the hottest days is about 43°C, it is expected to reach 47°C by the middle of the century, and nearly 50°C by the end of the century in the RCP8.5 scenario (Fig.5) [32] .
For the rainfall rate, it was found that the rate will range between (-0.92) and 3.32 for RCP4.5 and RCP8.5 in Abu Dhabi, 0.14 and 1.12 in AlAin and 1.9 and 2.23 in Sharjah. The UAE has experienced about 60% of time drought in 45 years [36] . Regional changes are more uncertain and could vary from region to region, with some location experiencing more and others less precipitation. Projections showed wide range of rates varying between -21% to +10% by 2050 and -38% to +18% by 2100 [15] . Similar to our findings, precipitation projections show even greater variation than temperature ( Table 4 ). Some models project a dryer region with decreasing precipitation, while others project a wetter region with a significant increase in precipitation [3] . further investigations using SDSM, could pinpoint the trend as well as the magnitude of change (Fig.6 ). Fig. (5) . Change range of temperature in Abu Dhabi (AD), Al-Ain (AA) and Sharjah (Sh) for RCP4.5 and RCP8.5. Fig. (6) . Change range of rainfall in Abu Dhabi, Al-Ain and Sharjah for RCP4.5 and RCP8.5. 
CONCLUSION
The urgency of climate adaptations and mitigations requires the use of GCM models to predict the impact of climate change [7] . The results of this study show a strong correlation to Temperature and no correlation to rainfall. The temperature will significantly increase in the coming 70 years, reaching the highest rates by the end of the century. According to RCP8.5, the maximum temperatures will increase by 4.56°C in Abu Dhabi, 4.74°C in Al-Ain and 5.37°C in Sharjah, by 2095. In Abu Dhabi the maximum rainfall rate will occur in 2080 with amount of 19.04%. In Al-Ain it will be 7.85% in 2080, and 5.96% for Sharjah in 2060. Abu Dhabi will be having the lowest increase in temperatures and highest rates of rain. The difference in temperatures is not very high compared to the other two cities (0.18°C lower than Al-Ain and 0.81°C lower than Sharjah). Rainfall rates will also vary, but not significantly as discussed above. Compared to Abu Dhabi and Al-Ain, Sharjah will experience lower rainfall rates, yet more frequent rainfall events which can lead to more drought events, erratic weather conditions and climatic changes. Still to be assessed is the specifics of each major GCM and their powers to predict UAE climate. This can be the next step in our endeavor.
